This paper aims to achieve the goal of path planning and task assignment through cooperative control of UAV formation. In the process of research, a cooperative task assignment model for UAVs is established, and an obstacle environment model is constructed. The improved ant colony algorithm is used to optimize the path of multiple UAVs. Combined with Hungarian algorithm, task assignment for multi UAV formation is carried out. By designing the effective constraints, the evaluation function of two index functions is established by allocating the weights of the path cost and fire assignment value. Finally, through the GUI function of MATLAB software, a user independent UAV formation task assignment simulation platform is developed. Simulation results show the effectiveness of the proposed method.
INTRODUCTION
The cooperative execution of UAVs is a hot trend in the development of UAV technology. The most important problem is to build a cooperative multi task assignment model. The main algorithms for solving path planning are genetic algorithm, ant colony algorithm, artificial potential field method, etc. The main algorithms to solve the task assignment are Hungarian algorithm, auction algorithm and so on [1, 2] .
In the cooperative execution of UAVs formation, the commonly used objective functions are the attack function of UAV fire value relative to the target value and the total flight range of UAV formation [3] . In the actual battlefield environment, the UAV formation needs to achieve the task of destroying all the valuable targets on the premise that the total range is as small as possible. Therefore, in this paper, regard an UAV as a particle, new function of two indexes is established by assigning weights to the index function. On the basis of the improved ant colony algorithm and the Hungarian algorithm, the task assignment problem of UAV formation is solved.
TASK ASSIGNMENT MODEL

Scenario Hypothesis
In actual battlefield environment, multi UAVs take off from N different locations, and the UAV formation needs to search N target in the designated area and destroy it according to its corresponding value. In the whole task, the single UAV attack _________________________________________ Jiang Shi, shijiang108080@163.com, Yankai Wang, w angyankai@bit.edu.cn, Jingfan Tian, 1120120103@bit.edu.cn, Beijing Institute of Technology, Beijing 100081, China; firepower is q, the target value is Q, and the number of UAVs at each takeoff point is nuav, and single UAV unit distance flying costs is cuav.
Task Constraint
In this experiment, the constraints mainly include task coordination constraint and flight path constraint.
Task coordination constraint means that in the process of performing tasks, each target can only be executed once. Assuming that , ∈ [0,1] is the decision variable, , is 1 when the UAV formation is assigned the task , otherwise the value is 0. Therefore, task coordination constraints can be expressed as:
The flight path constraint means that the continuous flight path of the UAV formation to the target area is safe and feasible. Suppose that the maximum fuel path for UAVs is C, and that the path of UAVs flying safely to each target point is , the needs to satisfy the following formula:
Because of the different firepower values of UAVs in this experiment, the number of ammunition carried by UAVs varies by default. We add this factor to the evaluation function, which will be discussed in the next section.
Design Evaluation Function
Usually, the main index to measure the effectiveness of cooperative operation is the total length of formation flight and the degree of destruction of target. Therefore, the important indexes mainly include the following parts:
Total length of formation flight path for multiple UAVs Suppose that is the minimum path cost for the UAV formation to bypass the threat source and safely reach the target area. The minimum flight path cost of UAV formation is:
AA is the path length of the UAV to reach the target area. Allocation index of UAV attack value relative to target value In the actual battlefield environment, the value of the target is different. Therefore, how to distribute the UAV firepower reasonably has become the problem that must be considered. In this experiment, the UAV completed mission revenue index is:
Among them: B is the takeoff point UAV group revenue index, q is the single UAV attack firepower from the takeoff point, Q is the target value.
To sum up, the evaluation function of the flight mission can be expressed as:
Among them, α and are the weight coefficients of path flight cost and firepower attack index respectively. The α and satisfy the condition:
The evaluation function index can be adjusted according to the flight mission. The result of the best task assignment is to minimize the cost.
TASK ASSIGNMENT MODEL SOLVING
Improvement of Ant Colony Algorithm
In this experiment, the main parameters of the algorithm include: The number of iterations G; ant number M; Al is an information heuristic factor; Be is the expected heuristic factor; P is the pheromone evaporation coefficient, generally in the range of 0.1-0.99.
In this experiment, ant colony transfer rules are selected using roulette. The state transition probability ( ) can be expressed as:
The pheromone update method of the original ant colony algorithm may cause stagnation of the algorithm because of its limitations. Therefore, in this experiment, the pheromone updating method is improved by combining partial update with global dynamic updating. Once each point is visited by a UAV, a pheromone update is carried out on the current path, which is calculated according to the following formula:
Among them, ϵ represents the local pheromone evaporation coefficient, 0 is the initial value of pheromone. At the end of an iteration, the computation is carried out according to the following formula:
Among them, ρ represents the global pheromone evaporation coefficient, ∆ represents the increment of pheromone, represents the shortest distance so far, and 1 is the shortest path in this cycle.
Implementation of Improved Ant Colony Algorithm
In order to verify the superiority of the improved ant colony algorithm, we make an UAV take off from the A (0.5, 19.5) to T (19.5, 1.5). The improved ant colony algorithm and the original ant colony algorithm are used to calculate the path respectively, and the following results are obtained: It can be seen from Figure 1 and Figure 2 that the minimum path length of the original algorithm is gradually stabilized after the 50th generation, and the minimum path length calculated by the improved algorithm is stable convergence in the 35th generation. The improved ant colony algorithm converges faster than the basic ant colony algorithm, and the iterative curve is more stable.
Hungarian Algorithm Task Assignment
The objective of task assignment problem is to find out n elements distributed in different rows and columns in the order cost coefficient matrix of an order and make the sum of the coefficients is the smallest. In the row (column) of the coefficient matrix ( ), the coefficients subtracted the minimum coefficients in the row (column), and the minimum elements of each row (column) in the new matrix ( ) are zero. Therefore, the optimal solution to the original assignment problem ( ) is to find out n zero element distributed in different rows and columns in the new matrix ( ) (referred to as independent zero elements).
SIMULATION AND ANALYSIS
The simulation experiment flow is shown below: Using the GUI function in Matlab and the deploy command statement, we develop a user independent simulation platform for UAV formation task assignment. Some parameters are set in the initial interface, and the user can click directly to run. Users can also change the relevant parameter settings according to their own requirements. The user interface is as follows:
The following parameters are used in this experiment : Because the map is made up of matrix, the coordinate of the UAV and the target can be represented by the position of the point in the matrix. We make: α=0.5, =0.5. This means that the cost of the flight path is proportional to the attack benefit. Under the above parameters, the results are shown in the following pictures:
At this point, the total value of the assignment plan is Cost=-156.71, which means that the task income value is 156.71.
When the task first considers reducing the cost of the flight path, we can take the α=0.9, =0.1. When the task first considers the effectiveness of UAV attack, we can take the α=0.1, =0.9. In the two cases, the task execution results are as follows:
When α=0.9, =0.1, the total value of the allocation plan is Cost=525.9, which means that the cost of the task is 525.9. When α=0.1, =0.9, the total value of the allocation plan is Cost=-839.86, which means that the task income value is 839.86.
In conclusion, the assignment plan and the total cost under different α and parameters can be obtained: From the simulation results, it can be seen that the UAV formation has different assignment plan with different values of α and , and the generational values are also different. This shows that the proposed method based on improved ant colony algorithm and Hungarian algorithm can effectively complete the UAV formation task assignment under different conditions.
CONCLUDING REMARK
In this paper, the formation flying constraint condition and mission evaluation function are designed, and the two index parameters are fused by weighted method. The original ant colony algorithm is improved, which makes the algorithm convergence faster and the iterative curve more stable. Combined with Hungarian algorithm, effective task assignment for UAV formation is carried out. Finally, a simulation platform for UAV formation task allocation is developed. The simulation results show that the method based on improved ant colony algorithm and Hungary algorithm can effectively solve the cooperative task assignment problem of UAV formation under multi conditions and multi parameters.
